Accurate models to simulate the soil water balance in semiarid cropping systems are needed to evaluate management practices for soil and water conservation in both irrigated and dryland production systems. The objective of this study was to evaluate the application of the Precision Agricultural Landscape Modeling System (PALMS) model to simulate soil water content throughout the growing season for several years and for three major soil series of the semiarid Texas Southern High Plains (SHP). Accuracy of the model was evaluated by comparing measured and calculated values of soil water content and using root mean squared difference (RMSD), squared bias (SB), squared difference between standard deviations (SDSD), and lack of correlation weighted by the standard deviation (LCS). Different versions of the model were obtained by modifying soil hydraulic properties, including saturated hydraulic conductivity (K s ) and residual (θ r ) and saturated (θ s ) soil volumetric water content, which were calculated using Rosetta pedotransfer functions. These modifications were combined with updated routines of the soil water solver in PALMS to account for rapid infiltration into dry soils that often occur in the SHP. Field studies were conducted across a wide range of soil and water conditions in the SHP. Soil water content was measured by neutron attenuation and gravimetrically throughout the growing seasons at each location to compare absolute values and the spatial distribution of soil water with PALMS calculated values. Use of Rosetta calculated soil hydraulic properties improved PALMS soil water calculation from 1% -13% of measured soil volumetric water content (θ v ) depending on soil type. Large-scale models such as PALMS have the potential to more realistically represent management effects on soil water availability in agricultural fields. Improvements in PALMS soil water calculations indicated that the model may be useful to assess long-term implications of management practices designed to conserve irrigation water and maximize the profitability of dryland and irrigated cropping systems in the SHP.
Introduction
Depletion of the Ogallala Aquifer in the Southern High Plains (SHP) region of Texas is diminishing the profitability and productivity of irrigated agriculture [1] . Therefore, it is important to improve the use and conservation of precipitation and irrigation water to ensure profitability and extend and preserve groundwater resources. Proper soil and residue management has been shown to increase soil water storage and reduce water losses from evaporation and runoff [2] [3] [4] [5] . To quantify gains and losses of soil water on a landscape scale, it is necessary to simulate runoff and the soil water balance of agricultural fields at a scale that represents, for example, producer's fields. The Precision Agricultural Landscape Modeling System (PALMS) is the ideal tool to accomplish this task. This model was designed to simulate, at a * The US Department of Agriculture (USDA) prohibits discrimination in all its programs and activities on the basis of race, color, national origin, age, disability, and where applicable, sex, marital status, familial status, parental status, religion, sexual orientation, genetic information, political beliefs, reprisal, or because all or part of an individual's income is derived from any public assistance program. landscape scale, processes important to production agriculture, including tillage effects on runoff, compaction effects on soil hydrological properties, loss of fertilizer from leaching and runoff, and effects of soil type and topography on the spatial distribution of water and crop yield [6, 7] .
Many models exist to simulate runoff and infiltration on the landscape scale, e.g., [8] [9] [10] . Recently, a crop model, CERES-Maize [11] was used in conjunction with Apollo (Application of precision agriculture for field management optimization) by Batchelor et al. [12] to extend a point model to account for the spatial variability of an irrigated cornfield [13] . This combination of models generally focuses on plant population and fertility decisions for site-specific agriculture, and has little accounting for the spatial distribution of soil water. Of the models reviewed in the literature [9] , only the Agricultural Non-Point Source Pollution model (AGNPS) accounts for ponding in closed depressions [10] . The AG-NPS model is an event-based model, capable of simulating single rain events [14] and does not account for seasonal changes in crop or landscape conditions. The Opus model [15] was designed for agricultural applications and is similar in many ways to PALMS [10] . Opus differs from PALMS in that it uses a simple hill-slope approach to runoff and only simulates a uniform single soil layer across the landscape [10] . Takken et al. [16] developed a model to determine the effect of topography and tillage on water runoff and soil erosion. This model aims to specifically address the runoff patterns caused by tillageinduced roughness. Unlike many large-scale agricultural models, PALMS simulates soil water at useful spatial and temporal scales, while also maintaining the appropriate level of complexity in the plant portion of the model. These attributes enable the concurrent simulation of the energy and water balance of an agricultural field [6, 10] .
The PALMS model is classified as mechanistic, e.g., [17, 18] and is a process-oriented model that describes soil-plant and atmosphere relations using biophysical principles [19] . Application of PALMS across different soils, climates and crops is thus facilitated; however, the model requires soil-and plant-specific information normally associated with input parameters. Specifically, soil-input parameters required are the soil hydraulic functions, i.e., saturated and unsaturated hydraulic conductivity, and the soil water desorption curve, needed to solve Richard's equation to calculate soil water fluxes in the profile. This input information is not readily available and is also difficult to measure, which led to the development of so-called pedotransfer functions that calculate soil hydraulic properties from more readily and easily measured soil properties such as soil texture and soil bulk density [20, 21] .
The PALMS model was designed as a precision rainfall-runoff landscape model and has been mainly used to simulate rainfed crops, corn and soybean, in the Midwest, USA [10, 19] and erosion processes [22, 23] . The PALMS model has not been evaluated under semiarid conditions such as those of the Texas SHP where frequent droughts are a common occurrence and crops are subject to a high evaporative demand [24, 25] . Therefore, the specific objective of this study was to evaluate the PALMS model on several soil series on the Texas SHP. Our purpose is to use the PALMS model as a tool to assess long-term implications of management practices at a landscape scale designed to conserve irrigation water and maximize the profitability of dryland and irrigated cropping systems in the SHP.
The evaluation of PALMS was done by selecting soil hydraulic parameters used in the routines to solve water transport equations to accurately characterize their spatial variability across the landscape as input to the model. As a first approximation in evaluating the PALMS model we compared calculated values of soil water content with those measured under field conditions for several years and in different soil series across the Texas SHP. We used the mean squared difference and its components to statistically quantify the differences between measured and calculated values of soil water content using the methods given by Kobayashi and Salam [26] . . Soil series were mapped at Lamesa as an Amarillo sandy loam (a fine-loamy, mixed, superactive, thermic Aridic Paleustalf) and at Halfway as a Pullman clay loam (a fine, mixed, thermic Torrertic Paleustoll) at higher landscape positions and as an Olton loam (a fine, mixed, thermic Aridic Paleustoll) at lower elevations. Soils on the dryland locations at Ackerly were classified predominately as Acuff sandy clay loam (a fine-loamy, mixed, superactive, thermic Aridic Paleustoll) with a small area of Sharvana fine sandy loam (a loamy, siliceous, superactive, thermic, shallow Ustic Petroargid); hereafter, referred to as site I and a combination of Acuff sandy clay loam and Portales loam (a fine-loamy, mixed, superactive, thermic Aridic Calciustoll); hereafter, referred to as site II.
Materials and Methods

Site Descriptions
Soil samples at each site were taken to a depth of 0.9 m and analyzed for soil texture using the hydrometer method [27] . These soil samples were thereafter divided into four layers, i.e., 0.0 -0.15 m, 0.15 -0.30 m, 0.30 -0.60 m and 0.60 -0.90 m, coinciding with the general pattern of observed surface horizon depths in the area of interest. The number of soil samples taken at each site, to achieve a sampling resolution of at least one sample per hectare was as follows: Lamesa, 48 (Figure 1(a) ), Halfway, 98 (Figure 1(b) ), Ackerly I, 40 (Figure 1(c)) , and Ackerly II, 17 (Figure 1(d) ). Soil physical and hydraulic properties for similar soil series are given by Baumhardt et al. [28] .
Elevation surveys were conducted at all sites using a survey grade GPS (Model 5700 Dual Channel RTK System, Trimble, Sunnyvale, CA) 1 . The Lamesa site ( Figure  1(a) ) was a 45-ha center pivot irrigated field. Elevation of this field slopes from west to east (~1%) from 895 m to 887 m, and from north to south along the western boundary from 895 m to 890 m (<1% slope). The site at Halfway (Figure 1(b) ) was two thirds of a 54-ha center pivot-irrigated field. Elevation of this field declines 4 m from 1045 m near the center to 1041 m on the northeast side (~1% slope). A gentle slope (<1%) also exists from the center of the field to the south toward an adjacent playa lake. The Ackerly site I (Figure 1(c) ) was a 64-ha dryland field with topographic relief ranging 4 m, from 855 m to 859 m, sloping (<1%) from the northeast to the southwest. The Ackerly site II (Figure 1(d) ) was a 26-ha dryland field sloping gently (<1%) from south to north, an elevation of 865 m to 859 m above sea level.
Data Collection and Cultural Practices
In 2000, cotton (Gossypium hirsutum L.) was planted at the Lamesa location. Cultural practices were conducted similar to those common to the region. Irrigation was applied at 75% of annual grass reference evapotranspiration ( [30] . Neutron access tubes were placed at 15 m intervals along two transects of the center pivot at both locations. Sampling methods and site descriptions for the Lamesa site are given by Li et al. [31] . Measurements of soil gravimetric water content were taken from 0.0 -0.15 m every two weeks at 18 locations at the Ackerly I site and at 12 locations at the Ackerly II site. Sample locations were chosen to represent the variation in soil series and topographic characteristics of each site. Soil gravimetric water content values were converted to θ v using soil bulk density taken at each of the sample sites obtained by the methods described by Blake and Hartge [32] and assuming a water density of 1000 kg m 
Precision Agricultural Landscape Modeling System (PALMS)
Model Description. The Precision Agricultural Landscape Modeling System (PALMS) is a precision rainfall-runoff landscape model designed for agricultural applications ( Figure 2 ). It is a combination of two models: 1) a two-dimensional, diffusive wave, runoff model with ponding, and 2) a one-dimensional, point-column, landprocess or biophysical model known as the integrated biosphere simulator (IBIS) [33] . The model PALMS is structured on a three-dimensional grid, with the horizontal dimensions (easting and northing) consisting of a constant-sized grid, and a third dimension consisting of vertical soil layers [19] . Agronomic crops included in PALMS are corn (Zea mays L.) and soybean [Glycine max (L.) Merr.], and also subroutines for forest, shrubland and grassland. Data inputs include measured weather, topography, soil landscape, and management practices. The model operates on a grid cell size of 5 to 20 m. The IBIS model is run at each grid point until precipitation occurs in excess of infiltration and detention storage [33] . At this point, the diffusive-wave model is activated and rainfall is simultaneously routed over the landscape and infiltrated into the soil [19] . The model includes ponding and re-infiltration on a field, which is excluded in most existing models. The system has demonstrated the ability to reliably simulate tillage effects on runoff and the effects of soil type and topography on the spatial distribution of soil water and crop yield [6, 7] . Outputs of the model include soil water and temperature as a function of soil depth; runoff, ponding, soil and plant water evaporation, infiltration, and biomass yield as given in Model Inputs. The PALMS model requires as input four layers of landscape information: soil texture, topography, crop type, and a surface mask (Figure 2) . The model is executed with weather data on 15-minute time steps. All landscape data were created on 10 m grids as suggested by Bonilla et al. [22] . The model PALMS can accommodate up to 23 layers of soil information to a depth of 2.5 m at thicknesses from 0.02 m near the surface to 0.25 m at the bottom of the profile. At all sites, soil texture inputs were created from the soil core sampling. Point samples of soil texture for each depth were interpolated using the inverse distance weighted function; power four in ArcGIS (ESRI, Redlands, CA). Elevation points from GPS surveys were interpolated using the same procedure for soil texture data to create the required digital elevation model (DEM). The model PALMS includes corn and soybean crop models. In our case, and as a first approximation, soybean was used as a surrogate as the only C3 crop similar to cotton, and corn in similar fashion for C4 grain sorghum. Adjustments were made in plant populations and crop maturity types to simulate actual leaf area index and crop evapotranspiration (ET c ).
Weather data were collected from the West Texas Mesonet (http://www.mesonet.ttu.edu) weather stations nearest to the field sites. For the Halfway location, the weather station was located at (34˚05'37.75" N, 102˚07' 04.46"W; 1,083 m elevation) 10 km south of Olton, TX, and 16 km southwest of the field site. Weather data for the Lamesa and Ackerly locations were collected from a weather station located at (32˚42'36.73"N, 101˚56'13.23"; 891 m elevation) 3 km southeast of Lamesa, TX. Measurements of air temperature and relative humidity, solar irradiance, rainfall, and wind speed were taken at a screen height of 2 m as described by Lascano [24] . Supplemental rainfall data were measured directly at the Ackerly and Lamesa sites with a tipping bucket rain gauge with an event data-logger (Model RG3, Onset Computer, Bourne, MA) and a similar rain gauge (Model TE525-L, Texas Electronics, Dallas, TX) attached to a data-logger (Model CR1000, Campbell Scientific, Logan, UT).
The PALMS management input file for each (Figure 2 ) simulation, which includes tillage, fertilizer, planting date and population, variety information, and initial soil conditions of water and temperature was created based on actual management practices or the best estimate of common practices if not all information was available. Information collected from soil data measurements taken at the weather stations previously mentioned was used to estimate initial values of soil water content and temperature profiles used as input.
Model Parameterization. Given the mechanistic nature of the PALMS model our calibration effort was to determine soil hydraulic parameters at each of the four locations (Figure 1 ) that optimized the agreement between measured and calculated values of soil water content. At each location we used two versions of the water solver routines. First, the original version as given by Molling et al. [10] ; hereafter, referred to as "original" and second, using an adjusted soil water solver that accounted for dry, coarse textured soils characteristic to the SHP; hereafter, referred to as "updated." These changes in the soil water solver allowed for rapid infiltration of intense rainfall into dry, coarse textured soils similar to conditions that apply to the Amarillo soil series. The original version of PALMS allows soil water drainage in these scenarios because the forcing is in terms of diffusion and not potential. Specifically, changes to the soil water solver equation were made to alleviate the problem of soil water drainage when diffusion was in the opposite direction of water potential. The updated version reduces the diffusion term to a small number whenever diffusion was the opposite of potential. For the Halfway and Lamesa sites each original and updated version of PALMS was executed with five different soil hydraulic parameters: 1) Rawls pedotransfer functions, which are the default in PALMS [34] ; 2) Rosetta pedotransfer function for the soil water retention curve (water potential vs. water content) [35] ; 3) Rosetta pedotransfer function for the soil saturated hydraulic conductivity (K s ); 4) Rosetta pedotransfer function for K s and soil water retention curve [35] ; and 5) a corrected version of soil water retention curve and K s . In addition, at the two Ackerly locations we used three measured soil hydraulic parameters, i.e., K s , soil water retention, and K s and soil water retention. In summary, two versions of the soil water solver (original and updated) were tested in combination with changes to soil hydraulic parameters ( Table 1) . Each version of the PALMS model, as shown in Table 1 , represents different combinations of changes made to the soil water solver and the three soil hydraulic parameters at four locations. Additional details about the soil hydraulic properties used in our simulations at the Halfway and Lamesa locations are outlined in Tables 2 and 3 . Measured and simulated soil hydraulic properties at both Ackerly locations are given by Alvarez-Acosta [36] and by Alvarez-Acosta et al. [37] .
Specific water retention parameters used were θ v at permanent wilting point (θ pwp ) and θ v at field capacity (θ fc ). At all sites, soil water retention values were estimated using the Rosetta pedotransfer functions [35] . These functions are bundled as a computer program that uses neural network analysis to estimate water retention and K s and unsaturated hydraulic conductivity, K( v ), 
where h is pressure head (kPa), and α (1/kPa) and n are soil parameters described above. Changes in K s and water retention parameters were made for each soil textural class at each experimental location, which represent three common soil series on the SHP. The Pullman series is represented at the Halfway location, while the Amarillo and Acuff series are most common at the Lamesa and Ackerly sites, respectively. For the Amarillo and Pullman soils, values for α and n were taken from Baumhardt et al. [28] . Soil water retention characteristics were measured from undisturbed cores of the Acuff soils [36, 38] using methods described by Klute [39] . Different versions of the PALMS model were tested at the Halfway and Lamesa sites; respectively (Tables 1(a) and (b)) to determine which combination of soil water solver versions and soil hydraulic parameters resulted in the most accurate calculations of soil water content. For both Ackerly sites, the same set of parameter changes were made using Rosetta. Additionally, six more versions of PALMS were included using field measured hydraulic parameters from Acosta [38] (Tables 1(c) and  (d) ). The evaluation criteria for each PALMS version was to minimize the root mean squared difference (RMSD) between measured and calculated values of soil water content [26] . When all combinations of soil hydraulic parameters and soil water solver versions were tested, the model was deemed effective when RMSD values were ≤0.10 as suggested by Stockle et al. [40] . [26] . Furthermore, MSD is partitioned into the sum of three components, all calculated from regression coefficients. The first component is the squared bias (SB), which represents the bias of the simulation from the measurement given by:
Evaluation of Calculated Values of Soil Water Content
where a is the slope of the regression line, b is the y-intercept, and x is the mean value of x i . SB = 0 indicates measured and simulated values are identical. The second component is the squared difference between standard deviations (SDSD), which is the difference in the magnitude of fluctuation between the simulation and measurement, with a larger value of SDSD indicating a failure of the model to simulate the magnitude of fluctuation among the n measurements and is given by:
where r is the correlation coefficient between the simulation and measurement, and SD m is the standard deviation of the measurement. The third and final component is the lack of positive correlation weighted by the standard deviations (LCS),
a large value of LCS indicates failure of the model to simulate the pattern of fluctuation across the n measurements. Note that in this analysis the mean squared deviation (MSD) is defined as [26] :
Results and Discussion
Calculation of Soil Hydraulic Parameters Using Rosetta
All estimates of soil hydraulic properties used in PALMS were based solely on soil texture inputs as required by the Rawls [34] and Rosetta pedotransfer functions [35] . Soil hydraulic parameters were calculated in both Rawls and Rosetta using measurements of sand, silt and clay. However, from the results shown in Tables 2 and 3 it is clear that estimates obtained with the Rosetta pedotransfer functions based on soil texture information alone without any additional soil hydraulic parameters, demonstrate very little difference between Rosetta calculated parameters of different textural classes. This leads to the assumption that additional measured soil information (soil bulk density and soil water retention points) could cause Rosetta to produce more reliable output that would more accurately characterize the spatial and vertical variability of soil hydraulic characteristics at the simula- (Tables 1(a) and (b)) were created using these "corrected" soil hydraulic parameters under the assumption that more detailed input would improve Rosetta calculations. This follows the logic given by Schaap et al. [35] that Rosetta performance improves with the addition of more predictors (soil bulk density, soil water retention points) and is confirmed by the results of Alvarez-Acosta [38] and Alvarez-Acosta et al. [36] .
Comparison of Calculated and Measured Soil Water Content
Halfway Location. As shown in Figure 3(a) , average θ v values ranged from 0.15 to 0.20 m 3 ·m −3 throughout the growing season and are near the expected range of values for a Pullman soil as described by Baumhardt et al. [28] . Due to inaccuracies of θ v measurements near the soil surface, inherent to neutron attenuation, we used measurements from the 0.15 to 0.45 m depth range. Since these measurements were taken below the surface horizon and as expected, they were not as responsive to irrigation and precipitation, and thus seasonal fluctuations in soil water were relatively small. As shown in Figure 3(a) , the θ v values calculated by PALMS did not show a consistent pattern when compared to measured values of soil θ v , i.e., close at times and with large discrepancies at other times throughout the growing season. Several versions of the model matched the relative fluctuations of soil water, but absolute values were difficult to match. An updated version of PALMS with soil water solver corrections and Rawls (original) soil hydraulic parameters (H5) performed better than the original version. However, PALMS versions that excluded corrections to the soil water solver and included updated hydraulic parameters (H2 and H4) tended to produce smaller error throughout the season. This could be explained by the differences in soil hydraulic properties between the Pullman and Amarillo series. The Pullman series is hydraulically similar to the Midwest soils that have commonly been simulated with PALMS [10, 19, 22] . Additionally, model versions with updated soil water retention parameters (H9 and H10) generally performed better, as the lower wilting point for the clay loam textural class allowed the model to calculate lower values of soil water content typical in the 0.15 to 0.45 m depth range during the growing season. Further, PALMS was generally not sensitive to changes in K s only. This could be explained by the fact that these soils rarely reach saturation, and in the SHP water movement is generally in the unsaturated state. Overall, the best-fit models (H2, H4, H9, and H10) calculated θ v with RMSD values ranging from 0.05 to 0.08 m 3 ·m −3 throughout the growing season (Figure  4(a) ). The PALMS version H2 also demonstrated some ability to accurately represent the spatial distribution of θ v at certain points in the growing season (data not shown). The consistency of the PALMS representation of the spatial distribution of soil water is naturally dependent on the model's ability to calculate seasonal fluctuations in average soil water. As shown in Figure 5(a) , the H4 version, which calculated soil water with the lowest seasonal RMSD, demonstrated a relatively large value of LCS at each sampling date, indicating a weakness in the model to accurately capture the pattern of the soil water fluctuation throughout the season. This was an expected result given the uncertainty on the values of soil hydraulic parameters used as input and on their spatial distribution. Fluctuating values of SDSD for the H4 version (Figure 5(a) ) indicated that the model could accurately simulate large fluctuations in soil water, but was less reliable in characterizing smaller changes. Among the three error components, SDSD and LCS had the greatest effect on MSD. The very small portion of the MSD attributed to SB indicates that the RMSD values discussed earlier represent a high degree of accuracy obtained with the PALMS model. Although the seasonal RMSD of calculated soil water is acceptable, further work is needed to capture seasonal fluctuations in soil water for the Pullman soil series.
Lamesa Location. Because soil water was measured with a neutron probe at the same depth as was measured at the Halfway location, the seasonal fluctuations of θ v at the Lamesa site were similar to that of the Halfway. Because soil water was measured below the surface hori- zon, there was very little change in θ v throughout the season (Figure 3(b) ). This is most likely due to the fact that transpirational demand of a healthy crop during the growing season in the SHP will generally deplete most of the available soil water in the root zone, because the water needs of the crop normally exceed rain and irrigation. . This version performed better (Figure 3(b) ) than previous versions of PALMS, as the model calculated θ v values in the range of measured values. As shown in Figure 4 (Figure 4(b) ). In these conditions, all versions of the model generally matched the seasonal pattern of θ v satisfactorily. This is demonstrated in Figure 5(b) by the small values of LCS for each soil water sampling date. The large values of SD in the middle of the growing season indicate some deviation between measured and simulated values, as demonstrated in Figure 3(b) . Given the fact that the measured fluctuations of soil θ v were as expected, given the texture of the soil and the sensitivity of the neutron probe, the model performed well. For the given soil type (Amarillo series) and environmental conditions, it would be useful to include measurements of θ v nearer to the soil surface, as this range would respond to irrigation and precipitation and would include a wider range of soil water values. The PALMS version L9 also demonstrated some ability to accurately represent the spatial distribution of θ v at certain points in the growing season (data not shown). The consistency of the PALMS representation of the spatial distribution of soil water is naturally dependent on the model's ability to calculate seasonal fluctuations in average soil water. Because there is a small seasonal change in soil water at this location, PALMS was able to capture some of the spatial component of soil water distribution. (Figure 3(c) ). Error in soil water estimation was minimized the most with versions AI-2 and AI-6 (Figure 4(c) ), both of which included changes in water retention parameters estimated by Rosetta. Similar to the Halfway and Lamesa locations, small values of LCS and SDSD indicated that the PALMS model (version AI-6) accurately calculated the pattern and magnitude of fluctuation throughout the growing season (Figure 5(c)) . The large portion of the MSD attributed to SB indicated that the absolute values of soil water calculated by the model were inaccurate at times. However, the small values of LCS and SDSD mentioned above and apparent in Figure 3(c) suggested that the model could be very reliable if further changes were made to more accurately characterize absolute values of soil water. The model PALMS versions with measured K s and soil water retention parameters behaved similarly regardless of the combination of parameters used. Although these versions reduced error early in the season, errors began to accumulate with fluctuations in θ v . There was no response to changes in the soil water solver at this location. This soil (Acuff) is similar to the Pullman series in that it is more generally a loam or sandy clay loam, rather than the fine sandy loam of the Amarillo series. This finer texture seems to generally respond more favorably to the original version of PALMS with no changes in the soil water solver.
Ackerly II Location. As shown in Figure 3(d) , θ v measurements varied considerably throughout the season, as expected. This simply illustrates the pattern obtained when θ v is measured in the surface 0.15 m. All PALMS versions consistently overestimated θ v at this location regardless of changes in retention parameters that reduced error at the Lamesa location (Figure 3(d) ). Although seasonal values of RMSD were higher for all PALMS versions than at all other experimental locations (Figure 4(d) ), PALMS was able to simulate the seasonal pattern of soil water fluctuation, as demonstrated by the small values of SDSD and LCS (Figure 5(d) ). These results are very similar to those at the Ackerly I site, indicating that the PALMS simulated soil water will be very accurate in the Acuff soil series with further changes to better characterize absolute values of soil water. 
Summary and Conclusions
Results from this study indicated that PALMS model calculated the seasonal water balance of the three major soil series (Pullman, Amarillo and Acuff) on SHP. In one particular case, (L9) PALMS accurately simulated absolute values of θ v , while separately it was able to match the fluctuations in θ v throughout a growing season, as shown at the Ackerly II location, where all other PALMS versions consistently overestimated θ v . The magnitudes of fluctuations were accurately characterized as demonstrated by the small SDSD values shown in Figure 5 , and shown visually in Figure 3(d) . However, the model was unable to simulate θ v fluctuations of >0.05 m 3 ·m −3 without some error in the absolute values or time lag in soil water calculations, as demonstrated most notably at the Halfway and Ackerly I locations.
Semiarid regions, such as the SHP, are characterized by low precipitation and high evaporative demand, particularly during the growing season. These drought conditions are common and must be accounted for in crop simulations models. The discrepancy between measured and calculated values of soil water content obtained with PALMS indicates the importance of having the correct soil hydraulic properties that are used to calculate soil water movement in the profile. The PALMS model provides a framework that can be used as an irrigation management tool because the complexity of the interactions between soil, plant and environmental components are considered and integrated over time.
Relationships between management practices and crop yield are often variable between seasons and locations, depending on precipitation and other weather variables. Models such as PALMS are tools that have the potential to extend cropping systems field research ideas to other soils, crops, climates, and management practices. The PALMS model is a unique tool that combines mechanistic runoff and biosphere models with a crops module that addresses both crop production and the subsequent environmental consequences on agricultural landscapes. In water-limited regions such as the SHP, the ability to simulate crop growth in conjunction with runoff, infiltration, redistribution, etc. is necessary to fully understand how management practices will affect soil water at the production scale. More specifically, research related to irrigation management and tillage and crop rotation effects on soil water can be further developed without the concern of scaling up point models to the level of physical realism.
This research demonstrated that the simulation model PALMS can simulate soil water when soil properties are accurately characterized. It is then assumed that the model's ability to calculate soil water content will allow researchers and growers to simulate runoff and erosion using processes within the model that have been previously evaluated. This ability to simulate the complex processes of the water balance at the landscape scale is of great importance to semiarid regions such as the SHP.
With future improvements in crop models and irrigation routines, the model PALMS will provide a valuable tool to evaluate both the short and long term effects of different soil, tillage, and irrigation management practices on soil and water conservation at the landscape scale in a region where water and its management are the most important factors to maintain sustainable and profitable crop production.
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